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Measurement of prompt D0 and D0 meson azimuthal








The strong Coulomb field created in ultrarelativistic heavy ion collisions is expected
to produce a rapidity-dependent difference (∆v2) in the second Fourier coefficient
of the azimuthal distribution (elliptic flow, v2) between D0 (uc) and D0 (uc) mesons.
Motivated by the search for evidence of this field, the CMS detector at the LHC is used
to perform the first measurement of ∆v2. The rapidity-averaged value is found to be




= 5.02 TeV. In
addition, the influence of the collision geometry is explored by measuring the D0 and
D0 mesons v2 and triangular flow coefficient (v3) as functions of rapidity, transverse
momentum (pT), and event centrality (a measure of the overlap of the two Pb nuclei).
A clear centrality dependence of prompt D0 meson v2 values is observed, while the
v3 is largely independent of centrality. These trends are consistent with expectations
of flow driven by the initial-state geometry.
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The observation of a strongly-coupled quark-gluon plasma (QGP), a state of matter composed
of deconfined quarks and gluons, was established by experiments investigating ultrarelativis-
tic heavy ion collisions at the BNL RHIC [1–4] and CERN LHC [5, 6]. The azimuthal particle
correlations constitute an effective tool to probe the properties of the QGP [1–9]. These correla-
tions are parameterized by a Fourier expansion [10–12], with the magnitude of the Fourier
coefficients, vn, providing information about the initial collision geometry and its fluctua-
tions [12]. The second- (v2) and third- (v3) order Fourier coefficients are referred to as “elliptic”
and “triangular” flow harmonics, respectively. Measuring these coefficients for particle species
with different quark composition provides additional information about this hot and dense
medium [13]. Because of their large mass, charm and bottom quarks are produced earlier in
the collisions than the light quarks (up and down) [14, 15]. In addition, the charm and bottom
quarks have masses many times larger than the typical temperatures in the QGP [16]. These
heavy quarks experience the full evolution of the medium until the hadronization phase. As
a consequence, the vn of charmed D0 (uc) and D0 (uc) mesons (henceforth referred to as D0
mesons, except where explicitly stated otherwise) are expected to receive important contribu-
tions from medium energy loss and coalescence effects [17, 18].
In ultrarelativistic heavy ion collisions, very strong and transient (∼10−1 fm/c) magnetic and
electric fields are expected to be induced by the collision spectators and participants [19]. Such
electromagnetic (EM) fields are predicted to produce a difference in the vn harmonics for pos-
itively and negatively charged particles [19]. In such a picture, the magnetic field is mainly
responsible for splitting the rapidity (y)-odd directed flow (v1) [19, 20]. The electric field is pre-
dicted to induce a charge-dependent splitting in the v2 coefficient and in the average transverse
momentum (〈pT〉) values of the emitted particles [19]. As charm quarks are expected to be cre-
ated very early in the collision, they have a higher probability of interacting with this strong
EM field than the light flavor quarks [20, 21].
In this letter, measurements of the v2 and v3 coefficients as functions of D0 meson rapidity, pT,
and lead-lead (PbPb) collision centrality are presented. The collision centrality bins are given
in percentage ranges of the total inelastic hadronic cross section, with the 0–10% centrality
bin corresponding to the 10% of collisions having the largest overlap of the two nuclei. The
flow harmonics are measured using the scalar product method [22, 23]. In this analysis, the
selection of D0 mesons uses multivariate methods [24] for selecting D0 candidates and their
antiparticles. The contamination from nonprompt D0 candidates, arising from B meson decay,
is considered as a systematic uncertainty. Using the data recorded in PbPb collisions during the
2018 LHC run period, corresponding to 0.58 nb−1 of integrated luminosity, the flow coefficients
are measured within the rapidity range |y| < 2, which is twice as large as achieved in previous
CMS measurements [25]. The extension of the measurements to this larger rapidity range,
together with smaller statistical uncertainties provided by a larger data set, furnish important
inputs for a better understanding of the three-dimensional evolution of the QGP formed in
heavy ion collisions. Measurements of the v2 difference between D0 and D0 mesons, ∆v2, as
a function of rapidity are presented as a method to probe possible effects originating from the
Coulomb fields.
2 Experimental apparatus and data sample
The central feature of the CMS apparatus is a superconducting solenoid of 6 m internal diam-
eter, providing a magnetic field of 3.8 T. Within the solenoid volume, there are four primary
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subdetectors including a silicon pixel and strip tracker detector, a lead tungstate crystal electro-
magnetic calorimeter, and a brass and scintillator hadron calorimeter, each composed of a barrel
and two endcap sections. Iron and quartz-fiber Cherenkov hadron forward (HF) calorimeters
cover the pseudorapidity range 2.9 < |η| < 5.2. The HF calorimeters are segmented to form
0.175×0.175 (∆η×∆φ) towers. Muons are measured in gas-ionization detectors embedded in
the steel flux-return yoke outside the solenoid. The silicon tracker measures charged particles
within the range |η| < 2.5. A detailed description of the CMS detector, together with a def-
inition of the coordinate system used and the relevant kinematic variables, can be found in
Ref. [26].
The analysis presented in this letter uses approximately 4.27× 109 minimum bias (MB) PbPb
collision events collected by the CMS experiment during the 2018 LHC run. The MB events are
triggered by requiring signals in both forward and backward sides of the HF calorimeters [27].
Further selections are applied offline to reject events from background processes (beam-gas
interactions and nonhadronic collisions), see Ref. [28] for details. Events are required to have
at least one interaction vertex, reconstructed based on two tracks or more, and with a distance
of less than 15 cm from the center of the nominal interaction point along the beam axis. The
primary interaction vertex is defined as the one with the highest track multiplicity in the event.
The shapes of the clusters in the pixel detector have to be compatible with those expected from
particles produced at the primary vertex location. The PbPb collision events are also required
to have at least two calorimeter towers in each HF detector with energy deposits of more than
4 GeV per tower. These criteria select (99 ± 2)% of inelastic hadronic PbPb collisions. The
possibility to have values higher than 100% reflects the possible presence of ultra-peripheral
(nonhadronic) collisions in the selected event sample.
Events from Monte Carlo (MC) simulations are used to study both prompt and nonprompt
D0 meson processes. The events are generated using an embedding procedure, in which D0
mesons generated by PYTHIA 8.212 [29] (tune CP5 [30]) are embedded into MB events from
HYDJET 1.9 [31]. A full simulation of the CMS detector is performed using GEANT4 [32]. The
prompt D0 meson MC simulation is employed to define signal selections and measure effi-
ciency corrections, while the nonprompt D0 meson MC sample is used to estimate systematic
uncertainties coming from nonprompt D0 contamination.
3 Reconstruction and selection of D0 mesons
Prompt D0 mesons are reconstructed from the decay D0 → π+ + K− and D0 → π− + K+ with
a branching fraction of (3.94± 0.04)%, using selected tracks with pT > 1.0 GeV/c and within the
acceptance of |η| < 2.4. Candidates are formed by combining pairs of tracks from oppositely
charged particles and requiring an invariant mass (minv) within a ±200 MeV/c2 window of the
world-average D0 meson mass of (1864.83± 0.05)MeV/c2 [33]. For each pair of selected tracks,
two possible candidates for D0 and D0 mesons are considered by assuming one of the tracks
has the pion mass, while the other track has the kaon mass, and vice versa. Kinematic vertex
fits are performed to reconstruct the secondary vertices of D0 candidate decays.
After the D0 candidate reconstruction, a selection using a boosted decision tree (BDT) algorithm
from the TMVA package [24] is employed. For the BDT training, misidentified D0 candidates in
data events, where pion and kaon have the same charge, are used to mimic the combinatorial
background. The signal candidates are taken from MC simulations of prompt D0 mesons and
are required to match D0 particles at the generator level. The variables related to D0 mesons
used to discriminate the signal from the background are: χ2 probability for the D0 vertex fit,
3D distance between the secondary and primary vertices and its significance, the decay length
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significance projected in the xy-plane, and the angle in two and three dimensions between the
momentum of the D0 meson candidate and the line connecting the primary and the secondary
vertices (pointing angle). Related to the decay products of the D0 meson candidate, the vari-
ables used are: the uncertainty in pT returned by the track fitting procedure, the significance
of the z and the xy distances of closest approach to the primary vertex, and the number of hits
in the tracker detector. These variables are chosen by analyzing their BDT ranking (variables
more frequently used in the decision tree) and correlation matrix among all variables. Different
BDT boost algorithms are tested, choosing the adaptive boost algorithm [24] as default. Over-
training checks are done for all analysis bins by comparing the BDT distributions from training
and testing D0 meson samples. In addition, a BDT cut optimization is performed in bins of cen-
trality, pT, and rapidity, doing a scan in different BDT scores and finding the one resulting in
maximal D0 mesons signal significance for each analysis bin. Compared to a cutoff-based pro-
cedure, this BDT selection almost doubles the signal significance for D0 mesons in 1 < |y| < 2,
and increases the signal significance by 30% for D0 mesons in |y| < 1, for events with collision
centrality in the range 0–30%. For the remaining analysis bins a similar performance of BDT
and cutoff-based methods is observed.
4 Analysis technique
The elliptic and triangular flow coefficients of D0 mesons are extracted using the scalar product
(SP) method, similarly to what was done in a previous CMS publication [25]. In this method,








with the Q-vectors expressed as Qn ≡ ∑Mj=1 wjeinφj , where the sum is over the total number
(M) of HF towers above a certain energy threshold (with the weights wj taken as the energy
deposited in the HF tower at azimuthal angle φj), of tracks with pT above a certain threshold
(with wj taken as track pT in φj angle), or of selected D0 meson candidates (with wj taken equal
to 1).
The Q-vectors related to HF and the tracker are measured and corrected for detector irregulari-
ties by applying a flattening and a recentering procedure [12, 34]. The QnA and QnB are defined
using the event-plane measurements from the negative (−5 < η < −3, HF−) and the positive
(3 < η < 5, HF+) sides of HF, and QnC is measured using the tracker information in the region
of |η| < 0.75, allowing to minimize the correlations among the three regions, with a gap of
more than two units of rapidity. The QD
0
n vector is defined for each D0 meson candidate. The
averages 〈QnAQ∗nB〉, 〈QnAQ∗nC〉, and 〈QnBQ∗nC〉 are made considering all selected events, while
the average 〈QD
0
n Q∗nA〉 is made considering all D0 meson candidates in all selected events. To
avoid autocorrelations, the terms 〈QD
0
n Q∗nA〉 and 〈QnAQ∗nB〉 use A = HF− (HF+) when the D0
meson candidate is at positive (negative) pseudorapidity.
One goal of this analysis is to measure the difference (∆vn) between D0 and D0 meson flow












The vn and ∆vn of D0 meson candidates are first measured as a function of their minv. The ex-




n ), is performed via a simultaneous binned
χ2 fit of the minv distribution and of vn (∆vn). The minv distribution is fit with three compo-
nents: a third-order polynomial to model the combinatorial background, B(minv); two Gaus-
sians with the same mean but different widths to describe the minv in different kinematic re-
gions for the D0 mesons signal, S(minv); and one additional Gaussian distribution for the swap
component corresponding to the incorrect mass assignment for the assumed pion and kaon
particles, SW(minv). The width of SW(minv) and the ratio between the yields of SW(minv)
and S(minv) are fixed by the values extracted from MC simulations. In this case, the following
expression can be used for extracting vsign :
vsig+bkgn (minv) = α(minv)v
sig
n + [1− α(minv)]v
bkg
n (minv). (3)
The α(minv) parameter, which characterizes the signal fraction as a function of mass, is defined
as follows:
α(minv) = [S(minv) + SW(minv)]/[S(minv) + SW(minv) + B(minv)]
= αsignal(minv) + α
swap(minv).
(4)
For extracting the difference ∆vsign , the following expression is employed:
∆vsig+bkgn (minv) = ∆v
sig
n (α
signal(minv)− αswap(minv)) + const. (5)
The term vbkgn (minv) from Eq. (3) is modeled with a linear function, while the constant param-
eter const in Eq. (5) is added to account for possible fluctuations in the background vn compo-
nent. The relevance of this const parameter was investigated by redoing ∆vn measurements in
MC simulation (without azimuthal correlations or effects from EM fields), indicating that this
parameter improves the fit quality and does not introduce artificial signals. A cross-check is
performed by redoing the measurements using a linear function instead of a constant. No sig-
nificant changes in the central values of ∆v2 and on their uncertainties are observed. Figure 1
shows an example of a simultaneous fit for v2 and ∆v2.
After performing the fits for extracting the signal vn, there is still a sizable fraction of non-
prompt D0 mesons embedded in vsign . The extracted vn can be written as
vsign = fpromptv
prompt
n + (1− fprompt)v
nonprompt
n . (6)
The nonprompt D0 meson contamination is taken into account as a systematic uncertainty, by
checking that the nonprompt D0 meson fraction is always smaller than 12% (i.e., comparable
to the uncertainties in the reconstructed D0 meson yield). This implies that the central values
of vn will not be considerably affected by this component, being compatible within statisti-
cal uncertainties. Such a low fraction arises from the use of prompt D0 meson signals in the
BDT training, together with variables that are highly correlated with the distance of closest ap-
proach (DCA) to the primary vertex, which is defined as the flight distance of the D0 particle
times the sine of the pointing angle in three dimensions. Additional DCA selection and dedi-
cated training, involving prompt and nonprompt D0 meson signals, do not bring considerable
improvements in performance. The prompt and nonprompt D0 meson fractions are obtained
using the DCA variable. For prompt D0 mesons, the nonzero DCA corresponds to the detector
resolution, and is expected to be concentrated around zero. For nonprompt D0 mesons, larger
values of DCA result from the B meson decay. To extract the prompt and nonprompt D0 me-
son fractions, a fit to the DCA distributions is performed in data considering DCA shapes from
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Figure 1: Simultaneous fit of the πK invariant mass (left) and v2 (∆v2) as function of invariant
mass (right) for 3.0 < pT < 3.5 GeV/c, centrality 20–70%, and −0.6 < y < 0.0.
MC simulations for prompt and nonprompt D0 meson components. The nonprompt D0 meson
vn is estimated by considering two regions in the DCA: one with very low fraction (2.7–8.0%)
of nonprompt D0 particles (DCA < 0.012 cm), and one with a high fraction (62.0–88.0%) of
nonprompt D0 particles (DCA > 0.012 cm). Using this information together with Eq. (6), it is
possible to estimate vnonpromptn by solving a system of two equations from the two DCA regions.
In the current analysis this procedure can only be done in wide pT, centrality, and rapidity bins,
because of the limited amount of data available in the region with DCA > 0.012 cm.
5 Systematic uncertainties
The sources of systematic uncertainties include the D0 identification requirements (BDT selec-
tion); the probability distribution function (PDF) for modeling the background in the invariant
mass fit; the impact of acceptance and efficiency of the D0 meson yield; the variation of the
PDF for modeling the background vn; and the remaining nonprompt D0 contamination. With
the exception of the last component, the uncertainties are quoted as absolute values of vn and
∆vn after comparing the default analysis configuration with the variations. To diminish the
influence of statistical fluctuations, after observing no special trends in the deviations from the
default measurements, the systematic uncertainties are evaluated by averaging the deviations
with a constant fit as a function of the analysis bins.
In order to take into account the systematic uncertainty associated with the BDT selection, the
BDT cut is varied up and down by the maximal deviation between the BDT optimized selection
based on MC simulations and data. The BDT cuts (and variations for systematic uncertainties)
are defined in bins of collision centrality, pT, and rapidity, ranging from 0.28 to 0.47 (±0.02–
0.03). Regarding the effect of the background mass modeling, either an exponential function
together with a second order polynomial, or just a second order polynomial, are considered
instead of the default fit function using a third-order polynomial. To fit vn as a function of
mass, the default configuration using a linear function is replaced by either a constant or a
second order polynomial. Although the D0 meson selection efficiency essentially cancels in vn
measurements, a systematic uncertainty is assigned by comparing the results with and with-
out applying corrections based on MC simulations in bins of pT and rapidity. The D0 meson
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selection efficiency times acceptance varies from 0.5 to 12.5% in the pT range of 1.0–8.0 GeV/c,
reaching a plateau of approximately 17.0% for pT > 15.0 GeV/c.
The systematic uncertainties regarding contamination from nonprompt D0 mesons are esti-
mated by measuring nonprompt D0 meson vn in wide bins of pT, rapidity, and centrality. A rel-
ative systematic uncertainty is obtained by comparing vn from mixed prompt and nonprompt
D0 mesons to the vn derived from nonprompt D0 mesons.
Table 1 summarizes the estimates of systematic uncertainties in absolute values for v2, v3, and
∆v2. The ranges of variation of the uncertainties are presented for each binning.
Table 1: Summary of systematic uncertainties in absolute values for v2, v3, and ∆v2. Ranges of
the variation of uncertainties for all the bins are presented. The cells filled with “—” refer to
the cases where the uncertainty cancels out.
Systematic sources pT bins y bins Centrality bins
v2
BDT selection 0.002–0.014 0.0065 0.005
Bkg. mass PDF 0.0002–0.0017 0.0007–0.0015 0.0007–0.0011
Bkg. vn PDF 0.01–0.05 0.004–0.007 0.003–0.005
D0 efficiency correction — 0.004–0.007 0.0040–0.0045
Nonprompt D0 meson contamination 0.0002–0.0077 0.004 0.002–0.005
v3
BDT selection 0.002–0.023 0.001–0.009 0.002–0.006
Bkg. mass PDF 0.0001–0.0040 0.0005–0.0008 0.0012–0.0040
Bkg. vn PDF 0.01–0.05 0.003–0.004 0.0011
D0 efficiency correction — 0.002–0.004 0.003–0.005
Nonprompt D0 meson contamination 0.0001–0.0090 0.0010–0.0015 0.0001–0.0008
∆v2
BDT selection 0.001–0.009
Bkg. mass PDF 0.00015–0.00030
D0 efficiency correction 0.001–0.004
Nonprompt D0 meson contamination 0.00002–0.00010
6 Results
Results for prompt D0 meson v2 and v3 anisotropic flow coefficients, obtained with 2018 PbPb
data, as functions of pT and for |y| < 1, are shown in Fig. 2 for three centrality ranges: 0–
10%, 10–30%, and 30–50%. The results extend previously published data from CMS [25], by
extending the high-pT coverage to ∼60.0 GeV/c and by providing finer pT bins. These high-
precision data are compatible with previous measurements from Ref. [25], and a clear trend of
rise and fall from low to high pT is observed for both v2 and v3 across the full centrality range.
This behavior is similar to that observed for inclusive charged particles [35] for |η| < 1.0, also
shown in Fig. 2. For noncentral collisions (i.e., centrality 10–50%), values of prompt D0 meson
v2 are positive up to pT ∼ 30.0–40.0 GeV/c, whereas the v3 values become consistent with zero
at pT ∼ 10.0 GeV/c.
Calculations from theoretical models at midrapidity (|y| < 1) are also presented. These mod-
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Figure 2: Prompt D0 meson and charged particle flow coefficients v2 (upper) and v3 (lower)
at midrapidity (|y| < 1.0 for prompt D0 mesons and |η| < 1.0 for charged particles) for the
centrality classes 0–10% (left), 10–30% (middle), and 30–50% (right). The vertical bars and open
boxes represent the statistical and systematic uncertainties, respectively. The horizontal bars
represent the width of each pT bin. Theoretical calculations for vn coefficients of prompt D0
mesons are also plotted for comparison: LBT [36], CUJET 3.0 [37], SUBATECH [38], TAMU [39],
PHSD [15]. The TAMU SMCs model [40] is available only in the 10–50% centrality bins.
the collision system and in the initial-state conditions before the formation of the QGP. In ad-
dition, different mechanisms are considered regarding the interaction of heavy quarks with
the medium and for the hadronization process. Results from the models LBT [36], CUJET
3.0 [37], and SUBATECH [38] include collisional and radiative energy losses, while those from
the models TAMU [39], PHSD [15], and TAMU SMCs [40] include only collisional energy loss.
Initial-state fluctuations are included in the calculations by LBT, SUBATECH, and PHSD, and
calculations for the v3 coefficient are only available from these three models. Coalescence mech-
anisms are also included in LBT, SUBATECH, TAMU, PHSD, and TAMU SMCs. While most
models seem to capture the qualitative trend of the data (except for the v2 description provided
by TAMU in the 10–50% centrality range), most of the models do not provide a quantitative
description over the full range, except for TAMU SMCs. The TAMU SMCs version improves
the TAMU model by implementing event-by-event space-momentum correlations (SMCs) be-
tween charm quarks and the high-flow partons in the QGP medium [40]. Since it does not
include initial-state fluctuations, TAMU SMCs does not provide v2 calculations for centrality
values between 0–10%. This puts more stringent constraints on the development of the col-
lective flow for charm quarks in the QGP medium, giving further inputs for understanding
heavy-quark interactions with the medium (for example, energy loss and coalescence mecha-
nisms).
Results for the rapidity dependence of heavy-flavor collective flow are presented for the first
time for prompt D0 meson v2 and v3 as functions of pT, both at midrapidity (|y| < 1) and in
the forward (1 < |y| < 2) region, as shown in Fig. 3. No clear rapidity dependence is observed
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Figure 3: Prompt D0 meson flow coefficients v2 (upper) and v3 (lower) at midrapidity (|y| < 1,
red open circles) and forward rapidity (1 < |y| < 2, blue open diamonds) for the centrality
classes 0–10% (left), 10–30% (middle), and 30–50% (right). The vertical bars and open boxes
represent the statistical and systematic uncertainties, respectively. The horizontal bars repre-
sent the width of each pT bin.
hadron measurements [41].
In Fig. 4 (left), results for prompt D0 mesons v2 and v3, averaged over 2.0 < pT < 8.0 GeV/c,
for |y| < 1 and 1 < |y| < 2, are presented as a function of collision centrality. This pT range is
chosen in order to cover the widest possible pT range, while maximizing the D0 meson signal
yield significance. These pT- and rapidity-integrated results include an additional centrality bin
(50–70%), which has an insufficient number of events for the full differential analysis. For both
mid- and forward-rapidity regions, the v2 results show a clear increase from the most central to
mid-central events, and then a declining trend toward the most peripheral events. This trend
is similar to that observed for inclusive charged particles (also shown in Fig. 4), and can be
understood in terms of collision geometry and viscosity effects. In particular, a faster increase
of v2 is observed from central to peripheral collisions for charged particles compared to prompt
D0 mesons. This feature was also observed when comparing v2 of low-pT J/ψ with charged
pions [42], where it is claimed that this could be understood in terms of two phenomena: one,
associated with transport models predicting an increasing fraction of regenerated J/ψ at low-
pT, when going from peripheral to central collisions; the other, not related to regeneration, is
associated with a possible partial or later thermalization of charm quarks compared to light
quarks [42]. The v3 shows no centrality dependence, which is also consistent with expectations
from collision geometry fluctuations [43].
Figure 4 (right) presents results for the rapidity dependence of prompt D0 meson v2 and v3, for
centrality 20–70%, averaged over 2.0 < pT < 8.0 GeV/c. A weak rapidity dependence of v2 and
v3 is observed in the data.
Finally, to search for effects of strong EM fields, the difference ∆v2 between the v2 values
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Figure 4: Prompt D0 meson v2 and v3 as functions of centrality, for 2.0 < pT < 8.0 GeV/c and
for rapidity ranges |y| < 1 and 1 < |y| < 2. The results are compared with charged particle
v2 and v3 in the same pT range and with |η| < 1 (left). Prompt D0 v2 and v3 as functions of
rapidity, for 2.0 < pT < 8.0 GeV/c and for centrality 20–70% (right). The vertical bars represent
statistical uncertainties and open boxes represent systematic uncertainties. The horizontal bars
represent the width of each bin.
rapidity, averaged over 2.0 < pT < 8.0 GeV/c and for centrality 20–70%. For all rapidity
bins, the ∆v2 values are compatible with zero. The average over the full rapidity region is
〈∆v2〉 = 0.001± 0.001 (stat)± 0.003 (syst). In Ref. [19], the predicted v2 splitting for inclusive
charged particles due to electric fields is ∼0.001 at the LHC energies. While quantitative pre-
dictions for v2 splitting of D0 mesons are not yet available, they are expected to be much larger
than those for inclusive charged particles. In the case of ∆v1, the ALICE collaboration reported
results about three orders of magnitude larger than measurements for charged hadrons [44],
although the uncertainties prevent a clear conclusion. The main reason is that heavy-flavor
quarks are usually produced much earlier than light-flavor quarks, the former being predom-
inantly produced soon after the collision takes place, when the EM field strength is several
orders of magnitude stronger [20]. The results presented here pose constraints on possible EM
effects on charm quarks.
7 Summary
Measurements of the elliptic (v2) and triangular (v3) flow coefficients of prompt D0 mesons





= 5.02 TeV. The results improve previously published CMS data by
extending the pT and rapidity coverage and by providing more differential information in pT,
rapidity, and centrality. A clear centrality dependence of prompt D0 meson v2 is observed,
while v3 is largely centrality independent. These trends are consistent with the expectation
that v2 and v3 are driven by initial-state geometry. A weak rapidity dependence of prompt D0
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Figure 5: Prompt D0 meson ∆v2 as a function of rapidity, for 2.0 < pT < 8.0 GeV/c and cen-
trality 20–70%. The vertical bars represent statistical uncertainties and open boxes represent
systematic uncertainties. The horizontal bars represent the width of each bin.
meson v2 and v3 is observed. When comparing various theoretical calculations to the data at
midrapidity, no model is able to describe the data over the full centrality and pT ranges.
Motivated by the search for evidence of the strong electric field expected in PbPb collisions,
a first measurement of the v2 flow coefficient difference (∆v2) between D0 and D0 mesons
as a function of rapidity is presented. The rapidity-averaged v2 difference is measured to be
〈∆v2〉 = 0.001± 0.001 (stat)± 0.003 (syst). This indicates that there is no evidence that charm
hadron collective flow is affected by the strong Coulomb field created in ultrarelativistic heavy
ion collisions. Future comparisons of theoretical models with these results may provide con-
straints on the electric conductivity of the quark-gluon plasma.
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W.L. Aldá Júnior, E. Belchior Batista Das Chagas, W. Carvalho, J. Chinellato4, E. Coelho,
E.M. Da Costa, G.G. Da Silveira5, D. De Jesus Damiao, S. Fonseca De Souza, H. Malbouisson,
J. Martins6, D. Matos Figueiredo, M. Medina Jaime7, M. Melo De Almeida, C. Mora Herrera,
L. Mundim, H. Nogima, P. Rebello Teles, L.J. Sanchez Rosas, A. Santoro, S.M. Silva Do Amaral,
A. Sznajder, M. Thiel, E.J. Tonelli Manganote4, F. Torres Da Silva De Araujo, A. Vilela Pereira
Universidade Estadual Paulista a, Universidade Federal do ABC b, São Paulo, Brazil
C.A. Bernardesa, L. Calligarisa, T.R. Fernandez Perez Tomeia, E.M. Gregoresb, D.S. Lemosa,
P.G. Mercadanteb, S.F. Novaesa, Sandra S. Padulaa
Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences, Sofia,
Bulgaria
A. Aleksandrov, G. Antchev, I. Atanasov, R. Hadjiiska, P. Iaydjiev, M. Misheva, M. Rodozov,
M. Shopova, G. Sultanov
University of Sofia, Sofia, Bulgaria
M. Bonchev, A. Dimitrov, T. Ivanov, L. Litov, B. Pavlov, P. Petkov, A. Petrov
16
Beihang University, Beijing, China
W. Fang2, X. Gao2, Q. Guo, H. Wang, L. Yuan
Department of Physics, Tsinghua University, Beijing, China
M. Ahmad, Z. Hu, Y. Wang
Institute of High Energy Physics, Beijing, China
E. Chapon, G.M. Chen8, H.S. Chen8, M. Chen, C.H. Jiang, D. Leggat, H. Liao, Z. Liu, A. Spiezia,
J. Tao, J. Wang, E. Yazgan, H. Zhang, S. Zhang8, J. Zhao
State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing, China
A. Agapitos, Y. Ban, C. Chen, G. Chen, A. Levin, J. Li, L. Li, Q. Li, X. Lyu, Y. Mao, S.J. Qian,
D. Wang, Q. Wang, J. Xiao
Sun Yat-Sen University, Guangzhou, China
Z. You
Zhejiang University, Hangzhou, China
M. Xiao
Universidad de Los Andes, Bogota, Colombia
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University of Split, Faculty of Electrical Engineering, Mechanical Engineering and Naval
Architecture, Split, Croatia
D. Giljanovic, N. Godinovic, D. Lelas, I. Puljak, T. Sculac
University of Split, Faculty of Science, Split, Croatia
Z. Antunovic, M. Kovac
Institute Rudjer Boskovic, Zagreb, Croatia
V. Brigljevic, D. Ferencek, D. Majumder, B. Mesic, M. Roguljic, A. Starodumov9, T. Susa
University of Cyprus, Nicosia, Cyprus
M.W. Ather, A. Attikis, E. Erodotou, A. Ioannou, G. Kole, M. Kolosova, S. Konstantinou,
G. Mavromanolakis, J. Mousa, C. Nicolaou, F. Ptochos, P.A. Razis, H. Rykaczewski, H. Saka,
D. Tsiakkouri
Charles University, Prague, Czech Republic
M. Finger10, M. Finger Jr.10, A. Kveton, J. Tomsa
Escuela Politecnica Nacional, Quito, Ecuador
E. Ayala
Universidad San Francisco de Quito, Quito, Ecuador
E. Carrera Jarrin
Academy of Scientific Research and Technology of the Arab Republic of Egypt, Egyptian
Network of High Energy Physics, Cairo, Egypt
A.A. Abdelalim11,12, S. Abu Zeid13, S. Khalil12
National Institute of Chemical Physics and Biophysics, Tallinn, Estonia
S. Bhowmik, A. Carvalho Antunes De Oliveira, R.K. Dewanjee, K. Ehataht, M. Kadastik,
M. Raidal, C. Veelken
17
Department of Physics, University of Helsinki, Helsinki, Finland
P. Eerola, L. Forthomme, H. Kirschenmann, K. Osterberg, M. Voutilainen
Helsinki Institute of Physics, Helsinki, Finland
E. Brücken, F. Garcia, J. Havukainen, V. Karimäki, M.S. Kim, R. Kinnunen, T. Lampén,
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C. Dziwok, G. Flügge, W. Haj Ahmad16, O. Hlushchenko, T. Kress, A. Nowack, C. Pistone,
O. Pooth, D. Roy, H. Sert, A. Stahl17, T. Ziemons
Deutsches Elektronen-Synchrotron, Hamburg, Germany
H. Aarup Petersen, M. Aldaya Martin, P. Asmuss, I. Babounikau, S. Baxter, K. Beernaert,
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M. Bartók23, R. Chudasama, M. Csanad, M.M.A. Gadallah24, P. Major, K. Mandal, A. Mehta,
G. Pasztor, O. Surányi, G.I. Veres
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S. Buontempoa, N. Cavalloa ,c, A. De Iorioa,b, F. Fabozzia ,c, F. Fiengaa, G. Galatia, A.O.M. Iorioa ,b,
L. Layera,b, L. Listaa,b, S. Meolaa ,d ,17, P. Paoluccia,17, B. Rossia, C. Sciaccaa ,b, E. Voevodinaa,b
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A. Pérez-Calero Yzquierdo, J. Puerta Pelayo, I. Redondo, L. Romero, S. Sánchez Navas,
M.S. Soares, A. Triossi, C. Willmott
Universidad Autónoma de Madrid, Madrid, Spain
C. Albajar, J.F. de Trocóniz, R. Reyes-Almanza
Universidad de Oviedo, Instituto Universitario de Ciencias y Tecnologı́as Espaciales de
Asturias (ICTEA), Oviedo, Spain
B. Alvarez Gonzalez, J. Cuevas, C. Erice, J. Fernandez Menendez, S. Folgueras, I. Gonzalez Ca-
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Istanbul Technical University, Istanbul, Turkey
A. Cakir, K. Cankocak60, Y. Komurcu, S. Sen74
Istanbul University, Istanbul, Turkey
F. Aydogmus Sen, S. Cerci65, B. Kaynak, S. Ozkorucuklu, D. Sunar Cerci65
Institute for Scintillation Materials of National Academy of Science of Ukraine, Kharkov,
Ukraine
B. Grynyov
National Scientific Center, Kharkov Institute of Physics and Technology, Kharkov, Ukraine
L. Levchuk
University of Bristol, Bristol, United Kingdom
E. Bhal, S. Bologna, J.J. Brooke, D. Burns75, E. Clement, D. Cussans, H. Flacher, J. Goldstein,
G.P. Heath, H.F. Heath, L. Kreczko, B. Krikler, S. Paramesvaran, T. Sakuma, S. Seif El Nasr-
Storey, V.J. Smith, J. Taylor, A. Titterton
Rutherford Appleton Laboratory, Didcot, United Kingdom
K.W. Bell, A. Belyaev76, C. Brew, R.M. Brown, D.J.A. Cockerill, K.V. Ellis, K. Harder,
S. Harper, J. Linacre, K. Manolopoulos, D.M. Newbold, E. Olaiya, D. Petyt, T. Reis, T. Schuh,
C.H. Shepherd-Themistocleous, A. Thea, I.R. Tomalin, T. Williams
Imperial College, London, United Kingdom
R. Bainbridge, P. Bloch, S. Bonomally, J. Borg, S. Breeze, O. Buchmuller, A. Bundock, V. Cepaitis,
G.S. Chahal77, D. Colling, P. Dauncey, G. Davies, M. Della Negra, P. Everaerts, G. Fedi,
G. Hall, G. Iles, J. Langford, L. Lyons, A.-M. Magnan, S. Malik, A. Martelli, V. Milosevic,
A. Morton, J. Nash78, V. Palladino, M. Pesaresi, D.M. Raymond, A. Richards, A. Rose, E. Scott,
C. Seez, A. Shtipliyski, M. Stoye, A. Tapper, K. Uchida, T. Virdee17, N. Wardle, S.N. Webb,
D. Winterbottom, A.G. Zecchinelli, S.C. Zenz
26
Brunel University, Uxbridge, United Kingdom
J.E. Cole, P.R. Hobson, A. Khan, P. Kyberd, C.K. Mackay, I.D. Reid, L. Teodorescu, S. Zahid
Baylor University, Waco, USA
A. Brinkerhoff, K. Call, B. Caraway, J. Dittmann, K. Hatakeyama, C. Madrid, B. McMaster,
N. Pastika, C. Smith
Catholic University of America, Washington, DC, USA
R. Bartek, A. Dominguez, R. Uniyal, A.M. Vargas Hernandez
The University of Alabama, Tuscaloosa, USA
A. Buccilli, O. Charaf, S.I. Cooper, S.V. Gleyzer, C. Henderson, P. Rumerio, C. West
Boston University, Boston, USA
A. Albert, D. Arcaro, Z. Demiragli, D. Gastler, C. Richardson, J. Rohlf, D. Sperka, D. Spitzbart,
I. Suarez, D. Zou
Brown University, Providence, USA
G. Benelli, B. Burkle, X. Coubez18, D. Cutts, Y.t. Duh, M. Hadley, U. Heintz, J.M. Hogan79,
K.H.M. Kwok, E. Laird, G. Landsberg, K.T. Lau, J. Lee, M. Narain, S. Sagir80, R. Syarif, E. Usai,
W.Y. Wong, D. Yu, W. Zhang
University of California, Davis, Davis, USA
R. Band, C. Brainerd, R. Breedon, M. Calderon De La Barca Sanchez, M. Chertok, J. Conway,
R. Conway, P.T. Cox, R. Erbacher, C. Flores, G. Funk, F. Jensen, W. Ko†, O. Kukral, R. Lander,
M. Mulhearn, D. Pellett, J. Pilot, M. Shi, D. Taylor, K. Tos, M. Tripathi, Z. Wang, Y. Yao, F. Zhang
University of California, Los Angeles, USA
M. Bachtis, C. Bravo, R. Cousins, A. Dasgupta, A. Florent, D. Hamilton, J. Hauser, M. Ignatenko,
T. Lam, N. Mccoll, W.A. Nash, S. Regnard, D. Saltzberg, C. Schnaible, B. Stone, V. Valuev
University of California, Riverside, Riverside, USA
K. Burt, Y. Chen, R. Clare, J.W. Gary, S.M.A. Ghiasi Shirazi, G. Hanson, G. Karapostoli,
O.R. Long, N. Manganelli, M. Olmedo Negrete, M.I. Paneva, W. Si, S. Wimpenny, Y. Zhang
University of California, San Diego, La Jolla, USA
J.G. Branson, P. Chang, S. Cittolin, S. Cooperstein, N. Deelen, M. Derdzinski, J. Duarte,
R. Gerosa, D. Gilbert, B. Hashemi, D. Klein, V. Krutelyov, J. Letts, M. Masciovecchio, S. May,
S. Padhi, M. Pieri, V. Sharma, M. Tadel, F. Würthwein, A. Yagil
University of California, Santa Barbara - Department of Physics, Santa Barbara, USA
N. Amin, R. Bhandari, C. Campagnari, M. Citron, A. Dorsett, V. Dutta, J. Incandela, B. Marsh,
H. Mei, A. Ovcharova, H. Qu, J. Richman, U. Sarica, D. Stuart, S. Wang
California Institute of Technology, Pasadena, USA
D. Anderson, A. Bornheim, O. Cerri, I. Dutta, J.M. Lawhorn, N. Lu, J. Mao, H.B. Newman,
T.Q. Nguyen, J. Pata, M. Spiropulu, J.R. Vlimant, S. Xie, Z. Zhang, R.Y. Zhu
Carnegie Mellon University, Pittsburgh, USA
J. Alison, M.B. Andrews, T. Ferguson, T. Mudholkar, M. Paulini, M. Sun, I. Vorobiev,
M. Weinberg
University of Colorado Boulder, Boulder, USA
J.P. Cumalat, W.T. Ford, E. MacDonald, T. Mulholland, R. Patel, A. Perloff, K. Stenson,
K.A. Ulmer, S.R. Wagner
27
Cornell University, Ithaca, USA
J. Alexander, Y. Cheng, J. Chu, A. Datta, A. Frankenthal, K. Mcdermott, J. Monroy,
J.R. Patterson, D. Quach, A. Ryd, W. Sun, S.M. Tan, Z. Tao, J. Thom, P. Wittich, M. Zientek
Fermi National Accelerator Laboratory, Batavia, USA
S. Abdullin, M. Albrow, M. Alyari, G. Apollinari, A. Apresyan, A. Apyan, S. Banerjee,
L.A.T. Bauerdick, A. Beretvas, D. Berry, J. Berryhill, P.C. Bhat, K. Burkett, J.N. Butler,
A. Canepa, G.B. Cerati, H.W.K. Cheung, F. Chlebana, M. Cremonesi, V.D. Elvira, J. Freeman,
Z. Gecse, E. Gottschalk, L. Gray, D. Green, S. Grünendahl, O. Gutsche, R.M. Harris,
S. Hasegawa, R. Heller, T.C. Herwig, J. Hirschauer, B. Jayatilaka, S. Jindariani, M. Johnson,
U. Joshi, T. Klijnsma, B. Klima, M.J. Kortelainen, S. Lammel, J. Lewis, D. Lincoln, R. Lipton,
M. Liu, T. Liu, J. Lykken, K. Maeshima, J.M. Marraffino, D. Mason, P. McBride, P. Merkel,
S. Mrenna, S. Nahn, V. O’Dell, V. Papadimitriou, K. Pedro, C. Pena81, O. Prokofyev, F. Ravera,
A. Reinsvold Hall, L. Ristori, B. Schneider, E. Sexton-Kennedy, N. Smith, A. Soha, W.J. Spalding,
L. Spiegel, S. Stoynev, J. Strait, L. Taylor, S. Tkaczyk, N.V. Tran, L. Uplegger, E.W. Vaandering,
M. Wang, H.A. Weber, A. Woodard
University of Florida, Gainesville, USA
D. Acosta, P. Avery, D. Bourilkov, L. Cadamuro, V. Cherepanov, F. Errico, R.D. Field,
D. Guerrero, B.M. Joshi, M. Kim, J. Konigsberg, A. Korytov, K.H. Lo, K. Matchev, N. Menendez,
G. Mitselmakher, D. Rosenzweig, K. Shi, J. Wang, S. Wang, X. Zuo
Florida International University, Miami, USA
Y.R. Joshi
Florida State University, Tallahassee, USA
T. Adams, A. Askew, D. Diaz, R. Habibullah, S. Hagopian, V. Hagopian, K.F. Johnson,
R. Khurana, T. Kolberg, G. Martinez, H. Prosper, C. Schiber, R. Yohay, J. Zhang
Florida Institute of Technology, Melbourne, USA
M.M. Baarmand, S. Butalla, T. Elkafrawy13, M. Hohlmann, D. Noonan, M. Rahmani,
M. Saunders, F. Yumiceva
University of Illinois at Chicago (UIC), Chicago, USA
M.R. Adams, L. Apanasevich, H. Becerril Gonzalez, R.R. Betts, R. Cavanaugh, X. Chen,
S. Dittmer, O. Evdokimov, C.E. Gerber, D.A. Hangal, D.J. Hofman, V. Kumar, C. Mills, G. Oh,
T. Roy, M.B. Tonjes, N. Varelas, J. Viinikainen, H. Wang, X. Wang, Z. Wu
The University of Iowa, Iowa City, USA
M. Alhusseini, B. Bilki61, K. Dilsiz82, S. Durgut, R.P. Gandrajula, M. Haytmyradov,
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36: Now at INFN Sezione di Bari a, Università di Bari b, Politecnico di Bari c, Bari, Italy
37: Also at Italian National Agency for New Technologies, Energy and Sustainable Economic
Development, Bologna, Italy
38: Also at Centro Siciliano di Fisica Nucleare e di Struttura Della Materia, Catania, Italy
39: Also at Riga Technical University, Riga, Latvia, Riga, Latvia
40: Also at Consejo Nacional de Ciencia y Tecnologı́a, Mexico City, Mexico
41: Also at Warsaw University of Technology, Institute of Electronic Systems, Warsaw, Poland
42: Also at Institute for Nuclear Research, Moscow, Russia
43: Now at National Research Nuclear University ’Moscow Engineering Physics Institute’
(MEPhI), Moscow, Russia
44: Also at Institute of Nuclear Physics of the Uzbekistan Academy of Sciences, Tashkent,
Uzbekistan
31
45: Also at St. Petersburg State Polytechnical University, St. Petersburg, Russia
46: Also at University of Florida, Gainesville, USA
47: Also at Imperial College, London, United Kingdom
48: Also at P.N. Lebedev Physical Institute, Moscow, Russia
49: Also at Budker Institute of Nuclear Physics, Novosibirsk, Russia
50: Also at Faculty of Physics, University of Belgrade, Belgrade, Serbia
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55: Also at Universität Zürich, Zurich, Switzerland
56: Also at Stefan Meyer Institute for Subatomic Physics, Vienna, Austria, Vienna, Austria
57: Also at Laboratoire d’Annecy-le-Vieux de Physique des Particules, IN2P3-CNRS, Annecy-
le-Vieux, France
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